Background: Obesity and chronic pain are prevalent concerns. Pain is frequently experienced in weight-bearing joints, but is common in other areas of the body as well, suggesting other factors. Poor diet often contributes to obesity and can directly influence the immune system. We have shown that poor diet prolongs recovery from inflammatory injury. Therefore, our goal was to determine whether poor-quality diet-induced consequences could be prevented or reversed by an anti-inflammatory diet (AID). Methods: A Standard American Diet (SAD) was developed to investigate the effects of poor diet on pain. The SAD includes amounts of refined sugar, carbohydrates and fats that better model the typical American diet, as compared to high-fat diets. We developed an AID to explore whether the effects of the SAD could reverse or whether the AID would enhance recovery prophylactically. The AID was developed using ingredients (epigallocatechin gallate, sulforaphane, resveratrol, curcumin and ginseng) with known anti-inflammatory properties. Following 15 weeks of diet [SAD, AID or regular (REG)] exposure, male and female mice underwent inflammatory injury, at which point some animals had their diets switched for the remainder of the study. Results: Animals who consumed the SAD showed longer recovery compared to the AID-and REG-fed animals. Animals switched off the SAD had faster recovery times, with AID-fed animals recovering as fast as REG-fed animals. Conclusions: Poor diet prolonged recovery from inflammatory injury. Substitution of SAD with AID or REG promoted faster recovery. These findings suggest diet can be used as a non-pharmacological intervention following injury. Significance: Obesity may increase susceptibility to chronic pain often due to poor diet. Diet has potential to be used as treatment for pain. This study investigates the use of a novel translatable diet to act as a preventative (i.e. prior to surgery) or an intervention (i.e. following an injury).
Introduction
Obesity is an epidemic in Western society, where, in America, two-thirds of the population are overweight/obese (Ogden et al., 2012) . Aside from metabolic and cardiovascular consequences, obesity is a non-weight-bearing joints are also affected in obese individuals.
The immune system plays a central role in chronic pain Maier, 2002, 2003; Salter, 2010, 2013; Sorge et al., 2011 Sorge et al., , 2012 Sorge et al., , 2015 Trang et al., 2012; Grace et al., 2014) . Obesity, as a result of consuming an energy-dense diet, is accompanied by an increase in adiposity. Adipose tissue releases leptin, activating the immune system (Fernandez-Riejos et al., 2010; Agrawal et al., 2011) and recruiting macrophages to trigger cytokine release (Surmi and Hasty, 2008) . Additionally, an obesogenic diet can act on the immune system directly. Carbohydrates evoke oxidative stress responses (Liu et al., 2002; Ceriello, 2005; Levitan et al., 2008) , prostaglandin synthesis requires omega-6 polyunsaturated fatty acids (PUFAs) (Joffe et al., 2013) and saturated fats activate macrophages (Lee et al., 2001; Snodgrass et al., 2013) . Thus, a poor-quality diet can result in systemic inflammation through immune cell activation and adipose signalling.
Previously, we showed that a Total Western Diet (TWD) increased inflammatory cytokines and recovery time following injury (Totsch et al., 2016) . The TWD contains median values of nutrients based on the National Health and Nutrition Examination Survey (Hintze et al., 2012) . However, Americans at greatest risk for chronic conditions likely consume a poor-quality diet. Therefore, we developed a Standard American Diet (SAD) to mimic these diet choices. The SAD is built on the TWD, but includes additionally processed carbohydrates, omega-6 PUFAs and trans fats. Importantly, the SAD has a similar kilocalorie distribution to a typical American diet (50% kcal from carbohydrates, 15% from protein and 35% from fat) (Last and Wilson, 2006) . We recently reported that SAD consumption increased recovery time following injury and led to microglia/ macrophage activation in the spinal cord (Totsch et al., 2017) . We presume that the SAD activated the immune system chronically and unmasked the hyperresponsive state following injury.
Diet interventions can reduce inflammation in humans. A Mediterranean diet reduced markers of inflammation (Mena et al., 2009) . Mechanistically, omega-3 PUFAs (Calder, 2009) , epigallocatechin gallate (EGCG) (Chow et al., 2003) , resveratrol (Hushmendy et al., 2009) , curcumin (Abe et al., 1999) , sulforaphane (Park et al., 2012) and ginseng (Bak et al., 2012) suppress immune cell activation via action on intracellular pathways, reducing inflammation. Therefore, a diet with these additives may be anti-inflammatory.
To determine the potential of diet as an intervention following injury, we developed an anti-inflammatory diet (AID). The AID was used to assess whether prophylactic consumption had protective effects on recovery. In contrast to the SAD, the AID was developed as a low-glycaemic diet, contains extra omega-3 PUFAs and includes ingredients (EGCG, sulforaphane, resveratrol, curcumin and ginseng) with known anti-inflammatory properties.
Methods

Experimental design
During 15 weeks of diet exposure, all mice underwent weekly mechanical and thermal sensitivity testing. Locomotor activity was assessed via open field at weeks 4, 8, 12 and 15. At week 15, all animals had body composition assessed via quantitative magnetic resonance (QMR). Following QMR, an inflammatory injury was induced using complete Freund's adjuvant (CFA) in all animals. At the time of injury, subsets of mice were switched to different diets. Specifically, animals from the SAD group were switched to either the REG or AID groups. Following CFA, all animals were tested for mechanical sensitivity on days 1, 3, 5, 7, 9, 11 and 13. All animals fully recovered by week 20, at which time, glucose tolerance (GTT) was tested. Animals were sacrificed at week 21, and blood was collected for analysis of leptin and triglycerides.
Animals
Male and female (n = 30/sex, 6 weeks of age at onset) CD1 mice (ICR:Crl) were housed in groups of three, under a 12-h light cycle (lights on at 07:00 h) and provided with standard chow (REG; NIH-31; Harlan Teklad, Madison, WI, USA) and sterile water. All mice were fed standard chow for 2 weeks before introduction to the experimental diets. After obtaining stable baseline measures, mice were assigned to either ad libitum regular chow (REG, n = 12, six males), a SAD (n = 36, 18 males) or an AID (n = 12, six males). The diet exposure lasted for 15 weeks. All animals used in this study were obtained, housed, cared for and used in accordance with the University of Alabama at Birmingham Institutional Animal Care and Use Committee guidelines.
Diet compositions
The SAD was developed by our group and used previously (Totsch et al., 2017) . The composition of the SAD is shown in Table 1 . The AID was developed using ingredients with known anti-inflammatory properties including (represented as g/kg of diet): EGCG (120 mg/kg), sulforaphane (0.6 mg/kg), resveratrol (0.6 mg/kg), curcumin (100 mg/kg) and ginseng (60 mg/kg). The composition of the AID is shown in Table 2 . This diet is based on obtainable human quantities of each product (Totsch et al., 2015) and contains carbohydrates from a mixture of high-amylose cornstarch (337 g/kg) and maltodextrin (170 g/kg), thought to aid in weight maintenance and insulin management (Anderson et al., 2010) . Whey protein isolate (218 g/kg) is used as a protein source as whey protein can improve insulin sensitivity (Frid et al., 2005) and has been shown to reduce inflammation (Daddaoua et al., 2005) . The AID is composed of 20.1% protein, 40.0% carbohydrates and 39.9% kcal. Therefore, both diets might be considered high-fat diets, but the main sources of fat in the SAD are from lard, beef tallow, milk fat and hydrogenated vegetable shortening, whereas the main sources in the AID are from flaxseed and soybean oil.
von Frey testing
Male and female mice were positioned on top of a perforated metal floor in individual custom-made transparent Plexiglas cubicles. Mice were given 1-2 h to habituate prior to behavioural testing. Nylon monofilaments (Stoelting Touch Test Sensory Evaluator Kit #2 to #9;~0.02-1.4 g) were applied to the plantar surface of each hind paw for 1 s. Data presented represent an average of the two hind paws. The up-down method of Dixon (1991) was used to estimate the 50% withdrawal thresholds. Mechanical sensitivity was measured at baseline and once per week during diet consumption.
Radiant heat paw withdrawal testing
A modified Hargreaves' method (Hargreaves et al., 1988) was used to test thermal sensitivity. Mice were placed individually in transparent Plexiglas cubicles placed on an elevated glass table with a portable radiant heat source (IITC Inc.) underneath. The heat source (20% maximum intensity) was focused on the ventral surface during testing. Both paws were tested, and data presented represent an average of the two hind paws. The withdrawal latency was defined as the time to withdraw the hind paw from the heat source to a maximum of 40 s.
Open field
To measure locomotor activity, distance travelled was quantified using video tracking software (Stoelting ANY-maze Version 4.99, Stoelting Co., Wood Dale, IL, USA). Mice were placed individually into custommade Plexiglas cubicles (12 in 9 12 in 9 12 in) for 15 min, and their distance travelled was measured. Open field was performed at baseline and weeks 4, 8, 12 and 15. 
Inflammatory chronic pain
After 15 weeks of diet consumption, mechanical sensitivity (as described above) was tested, and mice were injected with CFA (50%, in a 20 lL injection volume) into the hind paw. At the time of injection, some groups of animals had their diets switched to a new diet for the remainder of the experiment. For example, groups of the SAD were switched to the REG or AID and are referenced as SAD-REG (n = 12; six males, six females) and SAD-AID (n = 12; six males, six females), respectively. The groups that remained on their original diet are referred to as REG-REG (n = 12; six males, six females), AID-AID (n = 12; six males, six females) or SAD-SAD (n = 12; six males, six females). Mice were retested 24 h later to confirm the presence of mechanical allodynia and then on days 3, 5, 7, 9, 11 and 13 following CFA injection ( Fig. 1 ). Testing for mechanical sensitivity was carried out in all groups for the entire period, but the data will be displayed for each group until they are no longer significantly different from baseline. That is, for clarity of presentation, data will be shown until the point where we consider the mice to have recovered.
Intraperitoneal glucose tolerance test (IP GTT)
Male and female mice were injected with glucose (1.5 g/kg, IP), and blood was collected via tail vein puncture. A standard glucometer was used to measure blood glucose levels at baseline and 15, 30, 60 and 120 min postinjection. Glucose levels were assessed at week 20, one full week after all mice showed an absence of mechanical allodynia from the CFA-induced injury.
Serum leptin
Following recovery, mice were sacrificed, and trunk blood was collected and spun at 4°C for 20 min to isolate serum. Samples were sent to the Human Physiology Core (Diabetes Research Center) at the University of Alabama at Birmingham. Leptin concentrations were determined in duplicate using a Millipore mouse leptin ELISA kit. The intra-assay coefficient of variation was 4.10%, and the detection limit was 0.23 ng/mL.
Triglycerides
Samples were analysed by the Human Physiology Core using the Stanbio Sirrus.
Paw oedema
A separate subset of mice was fed SAD (n = 5) or REG (n = 8) for 16 weeks. Following 16 weeks of diet consumption, mice were injected with CFA (50%, in a 20 lL injection volume) into the hind paw. Following injection, callipers were used to measure paw oedema on days 1, 4, 5, 6 and 7.
Statistics
All data were separately analysed by Sex as we have seen significant sex differences in diet effects previously (Totsch et al., 2017 to the REG group for both sexes. Percentage maximum oedema was calculated using area under the curve (trapezoidal method). In all cases, an alpha level of 0.05 was considered significant.
Results
In each case, we first analysed all data to test for sex differences. However, due to our previous findings demonstrating sex differences, all further analyses were carried out separately for each sex as an a priori hypothesis.
Body weight
There was a main effect of Sex (F (1, 52) = 40.866, p < 0.001). For female mice, there was a main effect of Time (F (17,459) = 51.288, p < 0.001), Diet (F (2, 27) = 13.659, p < 0.001) and a Time by Diet interaction (F (34,459) = 8.118, p < 0.001) ( Fig. 2A) . There was a similar main effect of Time (F (17,459) = 117.599, p < 0.001), Diet (F (2, 27) = 6.056, p < 0.05) and a Time by Diet interaction (F (34,459) = 6.845, p < 0.001) for male mice (Fig. 2B) . The SAD increased weight in both females and males, whereas the AID increased weight in males only.
von Frey testing
There was a main effect of Sex (F (1, 54) = 5.242, p < 0.05). Following linear regression, both SAD (F (1, 14 = 17.91, p < 0.01) and REG (F (1, 16) = 4.628, p < 0.05) females had increased mechanical thresholds over 15 weeks of diet exposure. Thresholds for the AID did not differ from zero (p = 0.4713). The slopes for the diets were significantly different from each other (F (2, 42) = 3.8969, p < 0.05). Likewise, in the males, both SAD (F (1, 16) = 35.2, p < 0.0001) and REG (F (1, 16) = 5.759, p < 0.05) mice had increased mechanical thresholds over 15 weeks, whereas the AID did not differ from zero (p = 0.1948). In contrast to the females, the slopes for the diets were not significantly different from each other in males (p = 0.1106). Both SAD and REG diets altered mechanical sensitivity, but the AID did not (data not shown).
Radiant heat paw withdrawal testing
There was no significant effect of Sex (p = 0.078) on thermal sensitivity, though there was a trend. Thresholds for thermal sensitivity increased over 15 weeks for SAD (F (1, 14) = 22.94, p < 0.001) and REG (F (1, 14) = 9.949, p < 0.01) females. Thresholds for the AID females did not differ from zero (p = 0.2018). The slopes for the diets were not significantly different (p = 0.3967). Similarly, thresholds increased over 15 weeks for males on the SAD (F (1, 14) = 15.95, p < 0.01) and REG (F (1, 14) = 12.11, p < 0.01) diet. Thermal thresholds for AID males did not differ from zero (p = 0.0727). The slopes were not significantly different in males (p = 0.8463). Thermal thresholds were altered similarly to mechanical thresholds (data not shown).
Open field
There was no effect of Sex (p > 0.05) on locomotor activity. There was a significant main effect of Time in females (F (4, 108) = 3.352, p = 0.013) and males (F (4, 108) = 3.667, p = 0.008; data not shown), though no consistent patterns emerged. There was no effect of Diet in either sex (p's > 0.05). 
Quantitative magnetic resonance
There was a main effect of Sex (p < 0.05) for percentage body fat. Body weight at the time of the scan is shown in Fig. 3A . SAD females weighed more than REG and AID females (p < 0.05). Females on the SAD had significantly more fat mass compared with the REG or AID females (F (2, 15) = 8.983, p < 0.01) (Fig. 3B) . Not surprisingly, SAD females had increased percentage body fat (F (2, 15) = 9.243, p < 0.01) (Fig. 3C ) compared with REG and AID females. The difference in weight for the SAD mice was almost entirely accounted for by the additional fat mass.
Male SAD-fed mice weighed more than REG and AID mice at the time of the QMR scan (p < 0.05; Fig. 3A) . Males on the SAD had more fat mass than REG-or AID-fed males (F (2, 15) = 9.035, p = 0.003) (Fig. 3B) . SAD males had increased percentage body fat (F (2, 15) = 12.640, p = 0.001) over REG males (Fig. 3C) . AID males had significantly more percentage body fat than REG males (t (10) = 3.031, p < 0.05). This was not seen in females.
Inflammatory chronic pain
There was no effect of Sex (p > 0.05). SAD-SAD female mice displayed allodynia on days 1-11 (p < 0.05) and returned to pre-CFA baseline by day 13 (t (5) = À0.402, p > 0.05). In contrast, REG-REG females returned to baseline by day 7 (t (5) = 2.027, p > 0.05) and AID-AID animals returned by day 7 (t (5) = 1.809, p > 0.05). Of note, SAD-REG female mice also returned to pre-CFA baseline by day 7 (t (5) = 0.759, p > 0.05), whereas SAD-AID females recovered by day 5 (t (5) = 0.674, p > 0.05) (Fig. 4A ). Prophylactic treatment with AID (AID-AID group) did not reduce recovery time in female mice as compared to the REG-REG, but substitution of SAD with AID or REG promoted faster recovery than what would have been expected (i.e. SAD-SAD).
Similar to female mice, SAD-SAD male mice were significantly allodynic on days 1-9 (p < 0.05) and returned to pre-CFA thresholds by day 11 (t (5) = 1.910, p > 0.05). REG-REG males recovered by day 7 (t (5) = 2.324, p > 0.05) and AID-AID returned to baseline by day 5 (t (5) = 1.961, p > 0.05). SAD-REG males returned to pre-CFA baseline by day 9 (t (5) = 1.475, p > 0.05) while the SAD-AID males, remarkably, recovered by day 5 (t (5) = 0.111, p > 0.05) (Fig. 4B) . Consumption of the AID chronically or at the time of injury promoted recovery in male mice. In both sexes, continual consumption of the SAD prolonged recovery.
IPGTT
There was a main effect of Sex (F (1, 31) = 5.797, p < 0.05) in IPGTT. For males and females, there was no difference in blood glucose levels for any of the diets at baseline (p's > 0.05).
There was a significant main effect of Time (F (4, 60) = 85.790, p < 0.001) and Diet (F (3, 15) = 32.383, p < 0.001) for females (Fig. 5A ). There was a Time by Diet interaction for females (F (12, 60) = 10.044, p < 0.001).
Similarly, there was a main effect of Time (F (4, 64) = 41.082, p < 0.001) and Diet (F (3, 16) = 6.548, p < 0.01) for males (Fig. 5B ). There was a Time by Diet interaction for males (F (12, 64) = 3.534, p < 0.001).
Following analysis of area under the curve, there was a significant Diet effect in females (F (3, 15) = 25.621, p < 0.001) and males (F (3, 16) = 4.348, p < 0.05). Post hoc test revealed that the AID-AID (p < 0.05), SAD-AID (p = 0.001) and SAD-SAD (p < 0.001) groups were significantly different from the REG-REG group for females. In the males, only the SAD-SAD group was significantly different from the REG-REG group (p < 0.01) (Fig. 5C ).
Serum leptin and triglycerides
There was no main effect of Sex (p > 0.05) on leptin levels.
There was a main effect of Diet in females (F (4, 25) = 34.598, p < 0.001; Fig. 6A ) and males (F (4, 25) = 6.606, p = 0.001; Fig. 6B ). Female SAD-SAD mice had significantly higher leptin levels compared with REG-REG females (p < 0.001). Similarly, SAD-SAD males had significantly higher leptin levels compared with REG-REG males (p < 0.001). Interestingly, AID-AID males had increased leptin levels compared with REG-REG males (p < 0.05). When leptin levels were adjusted for fat mass (covariate), there were consistent effects of Diet (F (3, 13) = 44.013, p < 0.001) and Fat Mass (F (1, 13) = 73.329, p < 0.001) in females. Similarly, in males, there were effects of Diet (F (3, 13) = 6.429, p < 0.01) and Fat Mass (F (1, 13) = 46.545, p < 0.001). These data suggest that both increased fat mass and diet were contributing to the increased leptin levels.
There was a main effect of Sex (F (1, 50) = 9.232, p < 0.005) for triglycerides.
Interestingly, AID-AID females had decreased triglycerides compared with REG-REG females (p < 0.05; Fig. 6A ). As expected, male SAD-SAD mice had increased triglyceride levels compared with REG-REG males (p < 0.05; Fig. 6B ).
Paw oedema
There was a significant main effect of Time (F (5, 55) = 83.238, p < 0.001) and Diet (F (1, 11) = 16.008, p < 0.01). There was a Time by Diet interaction (F (5, 55) = 5.922, p < 0.01). Following analysis of area under the curve, there was a significant Diet effect (F (1, 11) = 13.559, p < 0.01). The mice consuming the SAD had significantly greater oedema following CFA compared to REG-fed mice (Fig. 7) .
Discussion
Chronic pain and concurrent obesity are on the rise, and obesity is known to be associated with chronic pain (McCarthy et al., 2009; Stone and Broderick, 2012; Smuck et al., 2014; Narouze and Souzdalnitski, 2015) . We developed a SAD to more closely mimic the poor diet choices of the at-risk American population and to determine the effect of this diet on physiology and recovery from inflammatory injury. Furthermore, we were interested in determining if poor-quality diet-induced consequences could be prevented by an AID when used as a preventative or intervention.
Our previous studies have demonstrated that consuming a poor-quality TWD led to prolonged and more pronounced hypersensitivity (Totsch et al., 2016) . The present study replicated our previous findings with our novel, translatable SAD. Male and female mice on the SAD (SAD-SAD group) were allodynic for 9 and 11 days, respectively, while regular chow-fed mice were only allodynic for 5 days (REG-REG). Thus, the SAD effectively doubled recovery time following inflammatory injury, as seen in our previous work with rats (Totsch et al., 2017) . Importantly, AID-AID females returned to baseline on the same day as REG-REG females while AID-AID males returned to pre-CFA baseline sooner than the REG-REG males. This suggests that, in males, consuming the AID can shorten recovery time as a preventative measure. Interestingly, SAD-REG animals showed similar recovery times as REG-REG animals. These data support the notion that even switching to a regular diet has benefits for recovery when the SAD is the primary diet prior to injury. Remarkably, SAD-AID animals were allodynic for only 3 days, providing support for AID interventions to promote recovery. These findings suggest that small improvements in a poor-quality diet are beneficial to recovery from injury and that an AID cannot only prevent the negative consequences of poor diet, but can promote recovery.
In the present study, QMR analysis determined that a sex difference existed in percentage of body fat. In both sexes, the SAD-fed mice had significantly more body fat than REG-fed animals. However, for only the males, the AID-fed mice also had significantly more body fat than the REG-fed mice. Keeping in mind that both the SAD and the AID are composed of similar percentage fat by weight, this suggests that the source of the fat is essential in terms of affecting body fat in females but not males. The AID contains fats from healthy sources such as Figure 6 Effects of the SAD and AID on serum leptin and triglycerides in mice. Mean amount of leptin (ng/mL) and triglycerides (ng/mL) in serum for (A) female and (B) male mice following recovery from inflammatory injury. *p < 0.05, ***p < 0.001. All data are expressed as means AE SEM. AID, anti-inflammatory diet; SAD, Standard American Diet. flaxseed and soya bean oil, whereas the SAD is comprised of lard, beef tallow, milk fat and hydrogenated vegetable oil.
Likely due to the increased percentage body fat, it was revealed that males and females on the SAD had increased leptin levels compared with mice on a regular diet. This was not surprising due to the known connection between adipose tissue and leptin release (Considine et al., 1996; Van Harmelen et al., 1998; Minocci et al., 2000) . Interestingly, males on the AID also had increased levels of leptin compared with males on regular diet. This is most likely due to the increase in percentage body fat over REG-fed males. Thus, a high-fat diet in males leads to an increase in body fat and, consequently, increased leptin levels. This effect was not seen in female mice.
When glucose tolerance was assessed, all SAD-SADfed mice had increased blood glucose levels compared with REG-fed mice following injection of glucose. In females, mice in the SAD-SAD, AID-AID and SAD-AID groups had increased blood glucose compared with REG-fed mice. Both the SAD and AID diets are considered high-fat diets. It has been shown that high-fat diets lead to a decrease in insulin release (Huang et al., 2004) and lead to insulin resistance (Roden et al., 1996) thus increasing glucose intolerance. Additionally, there is evidence that a low-carbohydrate, high-fat diet led to an increase in blood glucose in mice following a GTT (Lamont et al., 2016) . Despite the increase over REG-fed mice, animals that consumed the AID had lower blood glucose levels than mice solely consuming SAD. This is likely due to the healthier, unsaturated sources of fat. One study found that a diet high in unsaturated fat led to a decrease in blood glucose compared with a high-carb diet (Garg et al., 1994) . This effect was not seen in male mice. Following a switch from the SAD to AID, there was clearly a reduction in the blood glucose response in females and a slight reduction in males.
When triglyceride levels were examined, male mice on the SAD had increased triglyceride levels. This finding supports the phenomenon known as carbohydrate-induced hypertriglyceridaemia which results from consuming an excess of dietary carbohydrates (Parks, 2001 ). This effect has been seen in research participants consuming low-fat, high-carbohydrate diets after just one meal (Harbis et al., 2001) . It has also been demonstrated in humans that BMI can predispose certain individuals to lipid changes as a result of increasing dietary carbs (Parks, 2001) . Thus, the differential finding in the present study in which only males show increased triglycerides could be due to their higher body mass compared with female mice. Interestingly, females on the AID had decreased triglyceride levels compared with females on the other diets. The AID is a low-carbohydrate (low glycaemic) diet with a highfat content compared with REG. Studies involving low-carbohydrate diets have shown decreased levels of serum triglycerides (Yancy et al., 2004) and plasma triacylglycerol concentrations (Krauss et al., 2006) as a result of the diet. This effect on triglycerides was not seen in males. One possibility could be due to the fact that the AID led to an increase in body mass in males but not females. This increase in weight could be obscuring a decrease in triglycerides.
We believe that the beneficial impact of the AID is a direct result of its anti-inflammatory ingredients. It is known that EGCG can reduce allodynia and hyperalgesia after a chronic constriction injury (Kuang et al., 2012) , and curcumin has been shown to reduce allodynia (Zhao et al., 2012; Lee et al., 2013; Banafshe et al., 2014) and hypersensitivity (Sahbaie et al., 2014; Zhu et al., 2014) in various models of pain. There are a number of studies that reveal that ginseng is effective in reducing pain caused by a number of sources (Mogil et al., 1998; Yoon et al., 1998; Nah et al., 2000; Yang et al., 2001; Lee et al., 2008) , and sulforaphane has been shown to reduce both pain and inflammatory cytokine activity (Hushmendy et al., 2009) . Resveratrol is a member of the polyphenols which are known to be antioxidants and possess antiinflammatory effects. As such, resveratrol has been shown to reduce both hyperalgesia and allodynia in rodents (Cho et al., 2009 ). Our AID also included increased amounts of omega 3s which are known to be anti-inflammatory (Maroon and Bost, 2006) and have been shown to affect inflammation and insulin sensitivity via the G protein-coupled receptor in macrophages (Oh et al., 2010) . Together, these antiinflammatory effects are thought to be directly related to the results seen herein regarding the AID. Importantly, the levels of anti-inflammatory additives in the AID are reasonably translatable to humans. Previous studies using these ingredients show benefits at high doses equivalent to 8-16 cups of green tea per day (Chow et al., 2003) or 10-25 times our dose of sulforaphane (Park et al., 2012) . While these doses are technically attainable, they are not feasible. In addition, studies demonstrating the suppressive effects of resveratrol in neuropathic pain models (Xie et al., 2017) , utilized doses equivalent to gallons of red wine or tens of thousands of grapes daily, whereas our levels are the equivalent of a cup of grapes.
Results from the present experiments indicate that the SAD led to a more pronounced hypersensitivity and prolonged recovery following CFA-induced inflammatory injury. Thus, exposure to an energydense, nutrient-poor diet led to pronounced behavioural and physiological effects in both male and female mice. Of note, despite being a high-fat diet, the AID did not result in similar negative effects to the SAD and reduced the SAD-induced effects on recovery and physiology. Importantly, using the AID as an intervention for those animals consuming the SAD promoted recovery in a faster time period than was seen in control diet-fed animals, supporting this intervention as a nonpharmaceutical treatment for pain and inflammation. The authors would like to note, despite promising results, the gut microbiome in rodents and humans are not only intrinsically different, but also can vary greatly due to influential factors in the environment. Therefore, the primary limitation of this study is that our mouse model does not fully mimic human conditions. With this in mind, these findings imply that diet quality plays a substantial role in recovery and that diet could be a useful intervention for a number of Americans who may suffer from an inflammatory injury or are undergoing surgical procedures with extended recovery times. Here, our AID included human-attainable levels of anti-inflammatory foods to illustrate that high doses of supplementation are not necessary, but that effects on inflammation can arise through a diet rich in anti-inflammatory foods.
